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FOREWORD

The research described in this report was conducted at the Cornell
Aeronautical Laboratory, Incorporated, Buffalo, New York, under Air Force
Contract Number W33-038 ac-2117L, with L. Goland as project engineer and
W. P. Targoff as Section Head. The project was administered by the Dynamics
Branch, Aircraft Leboratory, WADC, under RDO No., 459-L1 "General Aerocelastic
Studies", with Messrs. W. J. Mykytow and I. N. Spielberg as project engineers.
The experimental work was performed in the & x 12 foot high speed wind
tunnel at Cornell Aeronautical Laboratory.
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ABSTRACT

Wing and aileron aerodynamic characteristics are obteined from
experimental data of wings undergoing the phenomenon of aileron reversal.
Wind tunnel tests were conducted on both & straight wing and a L5 degree
sweptback wing at Mach numbers of 0.6, 0.7, 0.& and 0.85,

The test results are presented graphically and compared to theoretical
and empirical aerodynsmic characteristics commonly used in reversal calcu-

lations. The characteristics suggested for use by References 1 and 2 are
shown to be in reasonably good agreement with the experimental results.

The title of this revort is UNCILASSIFIED,

PUBLI CATI ON REVIEW

This report has been reviewed end is approved.
FOR THE COMUANDING GENZRAL

20,

D. D. McKEE, Colonel, USAF
Chief, Aircraft Laboratory, Acting

Directorate of Laboratories
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SYMBOLS

b = wing span perpendicular to plane of symmetry of wing (inches).
c = wing chord measured parallel to plane of symmetry of wing (inches),
c = wing chord measured perpendicular to the leading edge (inches).
5 = model area = % wing area (square ft.).
a = angle of attack measured in plane parallel to plane of symmetry

of wing (degrees),
d = control surface deflection measured in plane parallel to plane

of symmetry of wing (degrees).

) = control surface deflection measured in plane perpendicular to
the leading edge (degrees),

= gweepback angle (degrees),

A = agpect ratio (gf).

M = Mach number,

g = free~stream dynamic pressure (lbs, per square foot),

R, = Reynold'!s number based on wing chord parallel to plane of symmetry.
v = free-streanm velocity (feet per second),

Mg = goment about rolling axis of wing (inoh lbs,).

M, = moment about pitching axis of wing (inch 1bs,),

L = wing lift (lbs,).

Mg = moment about the aerodynamic center due to an aileron deflection

(inch 1lbs, )o
(QE%/ = wing lift-curve slope (per radian),

(‘2—9-) = two dimensional lift-curve slope of the airfoil section (per
oo radian),

C, = gection 1ift coefficient (;9%—1—1&)
dz_%n}; = gectionnl moment~coefflicient slope at zero 1lift caused by an aileron

deflection (per radian),

WADCTR 52-231 vii
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(——ﬂgg )_0 = gectional aileron moment-coefficient slope for straight wing (per radi:
(Tg“) = two dimensional aileron effectiveness factor,

= gpanwise center of pressure location of one wing panel (fraction

e of semispan).

x = distance from rolling axis to spanwise center of pressure measured
perpendicular to plane of symmetry (inches),

y = distance from pitching axis to chordwise center of pressure of
wing with aileron neutral, measured in plane parallel to plane
of symmetry (inches),

g.c. = gerodynamic center location mexsured in per cent of chord from
the leading edge.

eaq = cghordwise position of the elastic axis aft of the leading edge
(per cent of chord),

L. E. = prefers to leading edge of wing,
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I
ANTRODUCTION

The aerodynamic loads imposed upon an aircraft in steady, level flight are of
necessity in equilibrium with the internal elastic stresses, The result of
raising or lowering an aileron is, effectively, to alter locally the airfoil
camber line, The torsional moment produced by this change in caxber is re-
sisted by the structural rigidity of the wing. A down aileron produces a
poment that decreases the angle of attack of the wing, while an up aileron
produces a moment that incremses the angle of attack., These induced changes
in angle of attack produce airloads which oppose the rolling moment caused
by the aileron and thus reduce the effectiveness of the control surface,

As the total aerodynamic torque 1s approximately proportional to the square

of the forward speed of the saircraft, while the resisting elastic torque is
independent of this speed, the wing deflections will increase with speed.
Therefore, at some speed the change in rolling moment due to the wing twist
will be equal in magnitude and opposite in sign to the change in rolling
moment due to the aileron deflection. The alleron reversal speed is defined

as that speed at which no net change in rolling moment occure when the ailerons
are deflected,

For the stralght wing the rolling effectiveness is dependent upon the wing
torsional stiffness and independent of the bending stiffness, This results
from the fact that bending deformations of a straight wing do not influence
the angle of attack distribution, However, in the case of a sweptback wing
it is evident that the bending deformation of the wing would influence the
angle of attack distribution, This fact increases the complexity of the
swept wing problem as compared to the straight wing problem,

Aerodynamically, four wing characteristics, the lift curve slope (g%f) ’

the aileron coefficient g?ﬁ » the moment coefficient at gzero 1ift caused

by an aileron deflection({?%ﬂ) » and the aerodynamic center location influence

the alleron effectiveness and reversal speed,

The phenomenon of aileron reversal has been treated by numerous investigators
and various methods of analysis have been presented, In recent A,N.C. contri-
butions by Groth (References 1 and 2) a number of the methods are listed and
analygzed, and methods are proposed for calculating the effectiveness of con-
trols., Alsoc included are empirical values for the aerodynsmic coefficients,

Groth concluded that the chief improvement to the simplified calculation would
be given by using exact data rather than the empirical values, Consequently,
under the cognizance of the Air Materiel Command, wind tunnel tests were con-
ducted to obtain data regarding the behavior of these aerodynamic character-

3 istics within the range of the reversal phenomenon, A straight wing model

of aspect ratio 6 (Fig. 23) and a 45 degree sweptback wing model of aspect

WADCTR 52-231
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ratio 3 (Fig. 26) were tested at Mach mumbers equal to 0.6, 0.7, 0,8 and 0,85.
Both wing models were semi-rigid, having their total flexibility located indboard
of the root section. The oritical Nach muzber of the airfoil section (NACA 0008)

at zero 1ift was equal to 0.8,
The first report on these studies (Reference 3) presented the anticipated experi-
pmental test conditions, procedures, and models to be utilized, Outside of a few

minor changes the tests were conducted as descrided in Reference (3). The nota~
tion of Reference (3)S however, has been revised in conformance with that of

References (1) and (2

VADCTR 52-231
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II

RIPTION OF NOD RST 1

A schematic diagram of the model assemblies is shown in Fig, 1, while the actual
models and methods of installation are clearly shown in Figs, 20 through 28,

The basic wing models used in these tests were originally used for a high speed
flutter investigation (Reference 4), It was necessary to modify these models
as the original ones made no provision for ailerons, The models were of semi~
rigid cantilever design and had the following properties:

Span: root to tip (parallel to L.E,) = 27" (effective)
Chord (perpendicular to L,%.) = 9"

Thickness = 8%

Alleron Gap = ,020"

Airfoil type: modified NACA 0008

Zlastic axis aft of L.E, 358 chord

Straight Wing 4 =6

Swept Wing 4 = 3

The wings were of monocoque construction with 24ST aluminum alloy skin; 064
skin was used on the inboard half of the wing, .032 being used on the outboard
end, A solid 24ST aluminurm allny; spar of rectangular cross section was provided
on the elastic axis and form ribs were fabricated from 2UST bar stock, lightening
holes being drilled where practical, The trailing edge was machined from dural
stock and the upper and lower skins flush riveted to it, The entire structure
was assembled with machine countersunk rivets driven clear through the wing
fron one surface to the other., A steel end rid and tube were fabricatad in one
piece, the rid being riveted inside the above descrided structure.near the reot,
The steel tube protruded beyond the rest of the wing and was used for mounting
the wing in a universal Joint with spring restraint in a "semi-rigid" msnner,
The ajileron was of solid steel constructien and was activated by a steel torque
rod @ig. 21, A motor controlled from the instrument panel rotated the torque
rod and thereby deflected the aileron (Fig., 22). The aileron was deflected
from its neutral position and rigidly held at 3 degrees by providing a stop

of proper dimensions against which the torque rod was caused to “wind wp",

(Pig. 21) This deflection was increased by replacing the 3 degree stop with
one of dimensions corresponding to a 6 degree deflection. The wing was so
designed that wrinkling of the skin would not occur during the tests and by
static tests it was shown that the wing structure and tube could be considered
as a rigid Yody, .

The main mounting structure consisted of a "Tee" formed by means of two 6 inch
structural steel channels bolted back to back, The foot of this *Pee" was
bolted to the wind tunnel ceiling as shown in Figs, 2k and 25 and the two ends
of the head were braced by means of steel tube tripods, also shown in the photo-
graphs. A universal joint mechanism (Fig. 1) was mounted on the main channel

WADCTR 52-231 3
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near the wind tunnel ceiling as shown in Fig. 2k, The steel tube protruding
from the root of the wing was passed through the center of this universal
Joint and held in place by a pair of lock nuts in such a manner that it was
free to rotate about bending and torsional axes passing through the center
of the universal joint. The universal joint was so designed, however, that
it was capable of taking out any drag loads on the wing,

The two wing types had the same planform area and the same airfoil section
normal to the leading e, The aileron span was hO’ of the wing span, while
the aileron chord was 20% of the wing chord, Alleron deflections of zero,
three and six degrees were obtained while the tunnel was in operation by means
of the irreversible control provided dy the lcaded torque rod,

The semi-rigld wings, as shown in Tig, 1 have their total flexibility located
inboard of the root section, Variable torsional stiffness was obtained by
meane of movable rollers on two cantilever beam springs, Constant bending
stiffness was provided by a set of helical springs. Viscous dampers (Figs,
25 and 28) were utilized in order t¢ eliminate any unsteady effects that
would tend to be present due to dynamic instability of the models and tur~
bulence in the tunnel, Arrangement of the springs and their controls are
shown in the aforementioned photos.

The sweptback configuration was obtained ®»y rotating the entire mounting
structure about the root of the wing (Fig. 27). Duplicate channels were
provided where attachments were made to the wind tunnel ceiling to allow
for the straight and sweptback assemdly but all other items of the mounting
structure were interchangeable,

With the model mass balanced to zero product of inertia about the bending
and torsion axes, analyses of the straight wing revealed that a structural
damping coefficient of 0,10 for both the bending and torsion degrees of
freedom completely precludes flutter. This damping was provided by the
viscous absorbers, However, as a precautionary messure an sutomatic
flutter brake was provided, The flutter brake together with the hydraulic
dampers were expected to alleviate any unpredicted vibration phenomenon,
However, in agreement with the design flutter analysis, no trouble was
experienced due to wing vibrations,

WADCTR 52-231
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I11

INSTRUMENTATION AND CALIBRATION

As a result of the tunnel running at approximately } atmospheric pressure
it was necessary to measure the bending and torsion angular deflections
from a point outside of the wind tunnel, These angular deflections, in-
velving maximom rotations of approximately two degrees, were to be deter—
mined within £ .03 degrees,

Schaevitz linear differential transformers were selected as the pickup
devices, Units with ¥ 0.130 inch linear travel were used at a six inch

arm as shown in Fig., 22, The outputs of the pickoeff units were matched
against similar units at the operating position (Fig. 29)., Indication

of correspondence between the pickoff and dummy units was accomplished by
means of a null reading meter. As shown in Fig, 29, the dummy unit's core
was moved by means of a thumbscrew, and its position was measured by means
nf an Ames dial indicator, calibrated in ten~thousandths of an inch, having
a % inch stroke,

The system was first tested by balancing the alternating current outputs of
the two Schaevitz units, and indicating null with an A.C, instrument. The
required accuracy was not obtained because of the broad null experienced.
This was a result of phase shift in the connecting cable, which was approxi-
mately 100 ft. in length.

The output of each differential transformer was then rectified and filtered
at the unit in such a manner that the polarity was indicative of direction
of displacement from the center position. These D.C. voltages were then
matched and the difference signal fed through a D.C. amplifier to a zero-
center galvanometer, The output was heavily filtered to eliminate any
electrical noise due to the vibration of the model which might appear at
the output., ‘A lead was brought out to an oscilloscope (Fig. 29) ahead

of the filter to show this vibration. A carrier frequency of 100 cps

wae used to permit observation of oscillations at natural frequencies on
the crder of 10 cps while minimizing the inductive coupling effects in

the measuring circuits,

To eliminate the effect of zero drift of the D.C. amplifier, a motor
driven switch alternately short-circuited the input, then reconnected
the signal for equal periods, with a frequency of approximately 2 cps.
A null was indicated when there was no swing of the galvanometer, The
switch used was a telemetering multiplexing switch,

Experience with the system indicated that precision was limited only by
repeatability in the mechanical portions of the mechaniam, Inasmuch as
these parts were themselves quite satisfactory, a high overall accuracy was
obtained, (See Page .1,

In order to determine the roller position (on which the toraional stiffness
is dependent), the roller carriage drove a potentiometer by means of a steel
wire (Fig, 22). This potentiometer, and a dummy located on the control panel
(Fig, 29) were connected in a bridge circuit to indicate position in much the
same manner as the angular motion pickups,

WADCTH Bz-2%1
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Immediately following the installation of the models in the wind tunnel carts,
final calibration checks were made, By use of Ames dials (calibrated in ten-
thousandths of an inch), weights, and appropriate lever arm mechanisms the
following calibration curves were plotted,

(1) Dummy Schaevits deflections versus angular deflections about
both the bending and torsion axes. Numerous calibration tests
were run and it appeared that the angular deflections could be
measured accurately to within - ,01 degrees,

(2) Dummy potentiometer readings versus torsional spring roller
positions,

(3) Bending moments versus bending deflections.

(4) Torsional moments versus torsional deflections at various
poesitions of the rollers along the cantilever beams, From
these curves the torsional spring constant for each roller
position was ascertained, ¥ig. 18 presents a graph of torsional
stiffness versus roller position as used in the straight wing
tests. The value of the constant bending stiffness, obtained
from curves of (3) above, is also indicated in the aforemention-
ed figure, The results for the swept wing tests are similarly
presented in Fig. 19.

(5) The aileron deflection angles, obtained by inserting the 3
degree and 6 degree stops, were accurately determined, The
deflections were found to be 3,07 and 5,92 degrees for the
straight wing while the deflections for the swept wing were
3,12 and 6,00 degrees.

In all the above calibration tests only & very small amount of scatter was
obtained indicating good mechanical repeatability and high precision,

WADCTR 52-271
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DESCRIPTION OF TEST PROCEDURE

¥ind tunnel tests were conducted on a semi-span model of a straight wing of
aspect ratio 6 and on a sweptback wing model of aspect ratio 3, at Mach numbers
equal to 0,6, 0.7, 0.8 and 0,85, The straight wing tests were conducted during
July, 1950 and the swept wing during September 1950 in the 8} x 12 ft, Variable
Density Tunnel at the Cornell Aeronautical lahoratory,

In order to attain these high subsonic Mach numbers in the C,A,L. wind tunnel,

the stagnation pressure was reduced to § atmospheric. At each Mach number each 6
wing was tested at a constant Reynolds number, which ranged from £, =1,13 x 10
to 1.22 x 10° for the straight wing and from 2. = 1,60 x 106 to 1,72 x 10” for
the swept wing. The average operating dynamic pressures and velocities are listed
below for the various Mach numbers,

Mo 1bs, per square foo U(feet per second)
0.6 192 675
0.7 228 783
0.8 265 887
0.85 283 950

The greatest deviation of dynamic pressure during a test amounted to 2’.

The stralght wing was initially installed in the tunnel at an angle of attack
of =0,2 degree while the initial angle of the swept wing was =0,4 degree,

The error in flow alignment in the tunnel was negligible, At a given Mach
number the angle of attack was controlled simply by varying the torsional
stiffness, The torsional and bending deflections were recorded at the
various angles of attack until the reversal condition was approached., Trom
the above deflectionas and the spring calibrations, the rolling and pitching
moments were determined at the various angles of attack, The test procedure
was as follows,

At zero mir speed the torsion spring rollers were set at the maximum stiffness
position and the alleron was set in the neutral position, The zero resdings
were recorded, The tunnel speed was increased to M = 0,6, Readings were
then recorded as the torsional stiffness was reduced, which increased the
magnitude of the angle of attack,

The torsional stiffness was again set at its maximum value and the alleron
was deflected to 3 degrees and the above procedure was repeated. Test data
were similarly obtained at M = 0,7, 0.8 and 0,85, The tunnel was then shut
down and the 6 degree aileron stop was inserted and the procedure repeated.
Throughout the tests numerous checks were made on the repeatability of the
system which proved to be extremely accurate, The torsional and bending
deflection readings were converted to moments during the tests in order to
recognize the reversal phenomenon which occurred when M, = 0,

TADCTR 52-231
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PRESENTATION AND REDUCTION OF DATA

Data were directly obtained in the form of deflection measurements

about the bending and rolling axis, and potentiometer readings indicating the
position of the torsional spring roller assembly, From the calibration curves
of Schaevitz deflections versus angular deflections, potentiometer readings
versus roller position, and the bending and torsion spring calidbration curves,
the corresponding rolling and pitching moments at various wing angles of attack

were determined,

It is recalled that in the swept wing case, the wing angle of attack is a function
of both the torsional and bending angular deflections, JFor the small deflections
dealt with herein the relationship is simply & =a,cosy-ag siny vhere

2, and @, are the torsional and bending deflections respectively., The positive
directions of these deflections are indicated in Fig, 1. The moments for the
straight wing are presented in Figs., 2 and 3 while those for the swapt wing are
shown in Figs, 10 and 11, By assuming a spanwise distribution of 1ift due to
wing angle of attack and aileron deflection the above data may be utilized to
determine the four aercdynamic coefficients which influence the reversal phenom-
enon. For the additional (eangle of attack) span loading characteristics of both
the straight and swept wings the familiar Weissinger method was used, Despite
the limitations of & lifting line method such as Weissinger's the good agreement
found between experimentally and theoretically determined characteristics warrants
confidence in the use of this method to predict the spanwise dismtridution (Ref-
erence 5). To determine the spanwise distribution on the straight wing due to
an alleron deflection Reference & was used, in which simple computing forme are
included for determining this distribution by the Lots method, Use of this method
permits the effect of ten memi-span stations to be considered, and the comparisons
between a number of theoretical and experimental results have been shown to be
extremely good. The resulting distribution for the straight wing at o« =0 is
shown graphically in Fig. 9, The distridbution for the swept wing with an aileran
deflected was determined by use of Reference 7 which is based upon the Weissinger
rethod and permits the effect of 4 semi-span stations tu be considered, This
reference permits the span loading to be rapidly predicted for wings having
arbitrary values of sweep and aspect ratio. Considering the compressibility
effects (on equivalent aspect ratio and sweep &s explained below) at the test
Mach numbers, and the accuracy of this method, it sppeared to be the most
practical for use in the present analysis., It is recalled here that the 1ift
distribution of an airfoil at a given Mach number is obtained by calculating
the lift distribution in incompressible flow of an equivalent airfoil the
lateral dimensions of which have been reduced in the ratio ¥/-M*:! , The
aspect ratio is thus reduced in this ratio and the tangent of the sweep angle

is increased by V7 M* . Thus, the equivalent airfoil aspect ratio and
sweep angle varies with Mach number, The resulting distributions for the
swept wing at @ = 0 is shown in Fig, 17.

The above methods have been widely accepted as capable of determining the
loading characteristics with accuracy,

With the above conditions, the four aerodynamic characteristics may be deter-
mined from the test data by the following equilibrium relationships,

VALCTK 52=231
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Strai vi
aC, _ S7.3 Mg (1)
Ja agS(.148 + rzc'p_)7’/z
. b/ [ M
agc =(ea) - (ijd ('/48+7Zc.p.) (2)
where 7 _ is the spanwise location of the center of pressure obtained from

Reference 5, and the term (.il48) accounts for the distance from the wing root
to the roll axis (Fig. 1). (/V/P//Vl,a)is the ratio of pitching moment to roll-

ing moment at a given angle of attack given by Figs, 2 and 3,

The aileron coefficients may be determined by use of the spanwise load distri-
bution of Fig, 9 and the relationships:

i_(é = ~57\3 Mlaa, [4]
od ~ (0C,/0a), dq3 [Area of Fig.97] (146 + ,(r‘_y’qz (3)

25{(ea —ac)—cl7) / )/—Area of Fig. y'- ;;CAZP }

where ?zf) is the spanwise location of the center of pressure for an alleron
deflection at & = 0, and where Moa-=0 s Mga-o are the corresponding
test values of the pitching and rolling moments, In the formlation of Equation

(4) it has been assumed that &C,,,/)B::O outside of the aileron span, since no

spanwise distribution of this factor is known and, therefore, the factor 2,5
appears (aileron span 0,4 of wing span).

The determination of the coefficients for M = 0,6 is presented in Appendix A
as a representative example of the reduction of the test data for the straight
wing,

WADCTR 52-231
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Swept Wing

Similar to the treatment of the straight wing, the aerodynamic characteristics
of the swept wing may be determined from the following equilibrium relationshipa:

9¢, _ _57.3(dMe/da)s (5)
da, 75(7&_;;.*'/48)[9/2

and
OMp /o b
a.c. =e.a.-{.148 +(YMp /X L 6
c.zea~( ”Zcr)/? (dM,a/do()J] Zc ()
where ., is the spanwise location of the center of pressure obtained from
Reference ;.

As difficulty was encountered in controlling the angle of attack of the wing
with the aileron in the neutral position no data were recorded for J-0 |,

Nevertheless, the slope of the pitching and rolling mozment curves (dM,,/d_a)J
and (dMg/da.)J with d = 0 may be assumed the same as those determined at any
constant aileron deflection and, therefore, these values may be obtalned from
the curves of Figs. 10 and 11,

The aileron coefficients may be determined by use of the relationships,

Me,.y, = Maccosy-Ly (7)
M’*a-o = Macsing +Lx (8)
where M, . = 0.4 —g%n Jgs¢
L - 9% o [Area of Fig. 17]g5 (9)
3 = (128 + 0?2 )) bz
and g = % -(.235-ac)c

WADCTR 52-231
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Swept Wing - contd,

In the aferementioned expressions 7., 1is the spanwise location of the center
of pressure due to an alleron defleetion at & = 0, This location is indicated
in Fig. 17 which shows the spanwise distribution of the lift at O = 0 for the
two extreme cases of A/ = 0,6 and 0,85 as determined by use of Reference 7,

The factor O,4 is again introduced as previously explained, With the two simul-

taneous Equations (7) and (8), the values of ﬁCm/dd'— and da /dd may be ascertained.

The determination of the coefficients for A = 0,85 is presented in Appendix B
as a representative example of the reduction of the test data for the swept wing.

11
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VI

DISCUSSION OF RESULTS

The test results for the straight wing are shown graphically in Figs, 4 through
8, while the swept wing resulte are shown in Figs. 12 through 16,

In general, it is noticed that below the critical Mach number, the empirical
values of the aerodynamic characteristics presented in References (1) ana (2)
agree favoradbly with the test results, Above the critical Mach number the
experimental results differ from the predicted values, The critical Mach
number of the straight wing is approximately 0.8 while that for the swept
wing is above 0,85,

The value of (a/f) at reversal, as shown in Fig, U4 agrees favorably with the
value predicted in Reference (3) by use of a highly simplified method., Simi-
larly, for the swept wing, agreement also appears favorable asgs shown in Fig, 12,

It can be seen from Pigs. 5 and 13 that the 1ift curve slope predicted by use
of the Weissinger method (Reference 5) is in good agreement with the test
results, However, while predicting the total 1ift accurately it may bde noticed
(Figs., 6 and 14) that appreciable discrepancy exists in the chordwise location
of the aerodynamic center, The Weissinger method, being a modified lifting
line method, assumes the aerodynamic center at 0,25 chord. The test results
indicate a slight tendency of the aerodynamic center to move forward with
increasing Mach number, This tendency is in agreement with a recent paper
(Reference 8) which is more accurate for predicting chordwise pressure distri-
butions of low agpect ratio wings than is the Weissinger method, Fortunately,
however, the error in chordwise position of the aercdynamic center seems to
have small effect on the determination of the reversal speed and appears net to
be a serious argument agairei use of this method for reversal calculations. In
fact, Reference (1) indicates that in the first approxiination the distance

(ea -ac ) may be assumed to be zers, An illustraiive example in the afore-
mentioned reference indicates that the reversal speed ags determined with this
assumption is conservative by less than #% for every 104 of chord which the elas-
tic axis 1ies behind the aerocdynamic center,

The variations of the aileron coefficients da/dd and 9C,/0d with Mach number
are gshown plotted in Figs, 7 and 8 for the straight wing, while Figs, 15 and 16
show the swept wing variations, The effect on the reversal speed of using

the empirical rather than the exact aileron coefficients is discussed in
Reference (2) and an example therein indicates that large errors may be intro-
duced by use of the empirical values, especially in the transonic region,

WADCTR 52-231 12
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APPENDIX

A, Straight Wi
The aerodynamic characteristics are determined below for A/- 0.6.

From Fig. 2, the rolling moment is =450 in.,1lbs, at & = =l and d = 0, The
spanwise location of the center of pressure for this Mach number is given in
Reference 5 as Nep. = 0.454, Applying Bquation (1),

dC, _ S7.3 (450) _ .
od- = [W9Z]769( .46 » .asayz7 = 490 per redian.

The corresponding pitching moment at & = =1 and d =0 is given in Figs, 3
as 35 in. 1lbs, Thus from Equation (2)

- - E7 (I3 =
ac =035 - % 450)(_/43 +4s54) = 0.2/

The rolling moment due to aileron alone (& -0, d = .J.O?') is 350 in., 1lb®s,
as shown inTig, 2. The area of Fig, 9 is 0.336 and }z(z’P = 0,596, The tws
dimensional section 1ift coefficient (O’Q /da )., cen be accurately determined

from the wing 1ift coefficient by the expression,

s

(&C
9C, . do Jeo e
da 2C, <5

e dcc)oo mTb* (/+T)

where the parameter 7 (which accounts for taper ratio) is given in Fig, 88 of
Ref, 10 as equal to 0.17 for the subject wing. Applying the above expressien
there results

9C ) . 705
dX /o

and finally Equation (3) yields:

da I7.3 (350) - 0424

oF 705 (3.07)192(169)0.336(0.744) 27

WADCTR 52-23%1
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The corresponding pitching moment due to an aileron deflection alone ( a = 0,
d = 3.07) is =23 in 1bs, (Fig. 3). Accordingly Bquation (4) gives

Cm . _ 3 573 (23)
2 - zj{(.}j 21)705(4.24)0.336 + IO e Ly
*~0.72 per radion
B. Buept Wing

The aerodynamic characteristics are determined below for M = 0,88,

From Fig, 10 at M = 0.85, the average slope of the rolling moment curves is

(dMg/drz)d = 290 in 1bs, per degree, The spanwise location of the center of

pressure is 7., = 0,458 (Reference §). OConsequently, Bquation (5) yields,

9, . 573 (290) . ,
da: 285(1°69)( 4568 +« .148) 19.1 J.00 per raodion

(OM/d0 )y and (0Mp/da)s ave equal to 238 in, lbs, per degree and 290 in, 1lbs,

per degree respectively (Figs, 10 and 11),

Reference 5 shows thay 7., = 0,us58,
Thus, according to Equation (€) '

. . L2387 191
a.c =035 -(0.148 +0.4Ja)[r 290] 75 0.185

WADCTR 52-231 15
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By use of Bquatiens (9) and Fig, 17 there is ebiained,

Mag = 0.4 Lom Lo (263) 1,69 (9)

- 180 s_gaz in. lbs.

L $(797) [482] 285 (1.60)

d J7.3

- e
J4.8 50 /bs.

Z (0196 + 0.612)19.1 = 14.5 [robes

g = 145-(.35-.185)12.7° 124 iv: 0a

By use of Xquations (7) and (8) and Pigs, 10 ani

-226 = 127 95m - 43, 9%
27 . - 43/ 92

194 = 27 9l . g
Fp, S05 50

and these simultaneous equaticns Ffinally yield

dex
by = (0.450

ggaz .- 0.268

16
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Fige 22
VARIABLE TORSION SPRING ASSEMBLY,
AILFRON CONTROL MOTOR, SCHAEVITZ ASSEMBLIES
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Fig., 23
STRAIGHT WING MODEL MOUNTED IN WIND TUNNEL
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Fig, 26

SWEPT WING MODEL MCUNTED IN WIND TUNNEL
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